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Abstract

Adoption of near-real-time accountancy in
large reprocessing plants will necessitate more
timely varification. We discuss techniques and
instrumants that are suitable for on—site veri-
fication of input, output, waste streams, and
in-process inventory estimation of tanks, sol-
vent extraction contactors, and concentrators.
Calculations show that estimates of solvent

rraction contactor inventories may make an
insignificant contributinn to the total uncer-
tainty of the material balance, relative to the
contributions by transfer and process tank ir—
ventory measurements.

1. Introduction

Near-real-time accounting (NRTA) is under
consideration for {mproving accounting timeli-
ness it reprocesting plants For both conven—
tional accounting and NRTA, the operator must
measure all transfert into and out of the facil-
\ty, and the inspector must verify these meas-
urements

fhe major difference betwesen NRTA and con-
ventional accounting 1s that tor NRTA the in
process inventory must be measured or estimated
monthly rather than annually The~efore, at
least on a monthly basis., all nuclear material
1n process tanks, solvent extraction contactors,
and concentrators must be estimated or measured
by the operator, and these measurements must be
verified by the inspector

Performing on-site verification measure-
ments will certainly improve t.meliness Such
measurements may alio be inherently more accu-
reate. particulariy 1f the instrument i3 on line
and ampie-~-taking can be avoided The criteria
wa usedd for choosing measurement verification
techniques included

o necessary inspactor shill or trairing,

. time roquired for measurement (actual time
as well a3 inspector's time) and semple
throughpu ,

. ability ‘o automate data acquisition and
interpretation and

. precition and ACCUracy

In many cases, we have selected instruments ard
techniques that are aslreedy aveilable to the
INEA or that are currently under test

We considered technigues that may be eppl: -
cable to input outpu“, waste streams. and 1n
process inventory estiastion

Picard, and R. G. Gutmacher

2. _The Verification Probles

The data available to tha inspector for
verifying a materials balance (M8) may include
the operator's declared measurement r—esults,
the inspector's independent measurements, or
usually a combination of the Lwo measurements
Verification using independent measuremants 1s
the desired method because tha state must bae
viewed as a potential adversary. When verifica:
tion throuygh independent measurement is not pos-
sible. the inspector must authenticate the oper-
ator's measurements. Likewise, 1t is important
that the inspactor verifies all components of
the M8 (i & , input, output, and inventorien)
Lack of independent information will result 1n
\nspectors dependence on the operator's data
and may lead the IAEA to an incorrect conclusion
ar none at all

With limited resources, the inspector must
decide which measuremants are most significunc
and therefore require Lhe most verification re
sources

Certainly all input transfers into Lhe
chemical processing area ond all plutonium prod-
uct out.puts must be verified; for waste streams.
the answer (s not «s unequivocal If liquid
waste streams have been verified to contain con
sistantly low concantrations uf plutonium (such
as <0 01 a/L) and he volumes are within normal
bounds . a statistically derived reandum attribute
measurement by the inspector may suff:'ce 1in
the measuremant of leached hulls the inspectur
must authenticale the operator's measurement

fFor process nventory verification, the
inspector should perform Independent measure
ments un the contents of large buffar storaqe
tanky i1n Lhe proces: as well as on product stnr-
J9e tanks ¥or smaller tanks, especially those
that consistently cuontain only small amounts of
plutonium. a statistically Jdertived attribute

measuremant may sul'fice It 19 difficult to
sample or measure concentrators/eveporators
however. 1f thase ire opurated in batch mode.

samples and measuriments cun easily be taken
from the concentrate:d solution in the catch tank
that follows the concantrator Verifying the
in—process inventory of solvent ertraction con
tactors 19 related to vigificance of the contac
Lor  inventory relat ve to other inventory and
facitlity throughput



3. Verification of Transfers

Input.

For light-water reactor (I.WR) fuael, the
input dissolver solution will contain ~0.2-1%
of plutonium relative to uranium in a total con—
centration of 100-300 g/L with associated fis-
sion products and transuranics. Therefore meas-
urements must be made in a high gamma-neutron
field, or appropriate separations must be ef-
fected. Separation may be accomplished by ion
exchange, for example, on resin beads, by liquid
chromatography, or by solvent extraction

Some possible rapid verification techniques
for input samples are summarized in Table I

TABLE I. Verification Techniques for Input

Samplas
—_Method = Separation Precision Ref
I0MS Resin bead ~1% 1-6
Gamma ray Resin beat. ? 7-10
other?

NRF -~ None 1% 11-12
densitomatry

Broduct

Product samples are concentrated to 100-
300 g/L of plutonium, free of fission products
and uraniun Although analysis is easier than
for 1nput material. one must be careful that
time between samplirg and analysis is not so
long that concentration changes from solvent
radiolysis Some possible verification mepthods
are summarized i1n Table II The blind chiiaical
analy91922 has been applied to input esmples
fo- fast breeder fuels but has not been demon-
strated for LWR fuels

TABLE II Verification Techniques for
Plutonium Product
_Method . Preciuion Ref
X -edge Pu 0 6% 12-16
tnterral source
X -edge ? 17
Internal source
L:amma -ray absorption Py 6% 16
Passive neutrons fu O %% 19-21
B8lind (hemical analyoiy Py <O 9% 22

upites

High-level liquid wattes generally are ol
lected as & batch and analyzed chemically by the
perator The 1inspector can accept operator
declared values (plutonium (ontent 1y low rela-
tive to product) or verify random samples using
his own measurements

Leached hulls could be verified using
active neutron technigues. such as the 252¢F
shuffler?3  or passive neutron or gamma-ray
methods 24

A _Verification of Process Tanks

For tanks, both the vo'ume and concentra-
tion need to be vertifiaed Volume can ba ver:i-
fied using an inspector-owned precision pres-
sure transducar connected to operator dip
tubes, 4. 2¢ or wusiry other level measuring
devices, such as tims domain reflectometry cr
acoustic prnbes. 27-29

Concentration can be obtained from density
probes3®. 31l or from conventional chemical analy-
sis of samples 32 In-line weasuraments can be
performed using L-edge densitometry 33 x-ray
fluorescence,3® or in-line spectropholom—
etry 35-40 fr—line voltametry was demon—
strated at Dounreay with a prectsion of 5% 4!
Using an off-l1ne cell 1solated from the flowing
solution could improve precision to 1-2%

S. verification of Contacto~ Inventory

A major prcblem in applying near-real-time
accounting for r~eprocessing facilities arises
in estimating or measuring the inventory of sol-
vent extraction contactors fwo techniques have
been proposed for determining nuclear material
I contactors One mathod relies on estimation
of the inventory from process operating condi-
tion ror enample. Beyerlein and Geldard have
deieloped simplified models for estimating the
inventory 1n miner-sattlers®? and pulsed col
umng 43

Estimation of solvent entraction contactor
inventory from process data 13 bLeing uved at
the fast brecder fuels reprocessing plant at
Dounreay and 13 the proposed method for the
British Nuclear Fiel Limited (BNFL) LWR process
ing plant, THORP. under construction at Saella-
field Much of the required informatior for
thete theoretical models i1s proprietary. ard
they are reluctant to give the information to
the [AEA

The second method determines contactor in-
ventory by direct measurement 1his was 1nves-
tigated by thinger st the BNFP %%  In thyg
Lechrique the differential pressure 1v measured
between two probes inserted into the culumn
one at the boltom of the column (aqueous dis
enQaqing section) and the other 1n the vapor
1pace above Lhe organic disengaqing se.tion
In practice. the weight of solution i1n the ol
umn s determined for specific organic to- aque-
oue tlow rating Wwith only the orqunic and aque
vus snlvents present but no urenium or pluto
nium Onem heavy matal (ursnium amd/ar playto
nium) 1y introduced the difference betweern the
luaded weiqht and the 'blank" waight 1y 2 mear
ure of (he heavy metal inventory in the (olumn
bor qood measurementy the noise trom the puls
Lrvg action of the (olumny must be 'i1ltered yut
this method aleso may sulffer tram reluctance n
the part ot racility aperators tu make the fen
ity probes 4ccessible to the [ALA (nepe: tur and



from the i1nspector's perceived i1nability to 1n—
depandently verify the concentration dJderived
from the density

we proposa considering the use of the proc-
@ss flow-sheaet information to determine the
amount of plutonium 1n the solvent extraction
contactors in the plutonium purification cycle
of a reprocassing facility. The process flow
sheet specifies an approximate concentration
level of plutonium 1n each of the four solvent
extraction contactors Each column will have
some variability to 1ts plutonium 1nventory,
which 1s caused by variations in parameters such
as organic and agueouy flow rates into the col-
umns and the plutonium concentration entering
the 2A column The plutonium concentration en-
tering the 2A column varies with the type of
fuel being prucessed (that 13, whether boiling-
water reactor or pressurized—water reactor fuel
1s being processed) and the burnup of the fuel

wWhether process design information can be
applied to the ssolvent axtraction contactors
wil]l depend on several parameters The total
uncertainty 1n measurements for NRTA wil] be a
combination of errors associated with transfers
through the process and with errors in measure-
ment or estimation of material 1n the process.
If the material amounts 1n contactors are small
compared with the amount of material 1n measur-
able :tems such as tanks. then the errors 1in
the tank measurements will tend to dominate,
and error uncertainties for the contactors may
become insignificant Also, 1f the material
amounts In the contactors are small compared
with the throughput of the facility, errors
assoclated with transfer measurements will tend
to dominate. and errors associated with the
contactor inventory will be relatively small

The question of whether process design inm—
formation for the contactors can be used to
estimate the plutonium I1n scivent entraction
contactors 19 then reduced to a question of the
relative contribution of errors associlated with
transfer .easurements and the i1nventory of the
contactors and with the other process tanks
The craracteristicy of the M8 equation must be
examined on a plant-specific basit to determine
the applicability of this approach The normal
sperational variation 1n contactor inventory
Mt be -onsidered

wWe have modeled the error contributions
from measured throughputs (1nput and output).
measurable 1nventory 1n process tanks. and
urmeasurable i1nventory; in  solvent aextraction
contartors The model covered the range of
throughputs and iInventories 1In evisting commer -
14l reprocessing nlants and those plants en-
pected to Dbe in operation by the end of the
cgntury

The total syscrem (transfer and 1nventories)
wtandard deviation for e J0-day accounting
perind was calculated as a function of contac-
tor inventory (0-20 kq) and tanh Inyentory
0200 ng) for facilities of low throughput (%
rqg/day 100 xq/10 day atiounting perivd) and
high throughput (%0 kq/day)

The data shows that for the low 1nventories
(both tanks and ontactore) thn er-ors are
throughput dominated for (ow and high through-
put At high throughput tne thraoughput errors

dominate at even high inventories For the low
throughput case and a4 tank 1inventory >40 kg
contribution from uncertainties 1in contactor
tnventory become significant (>0 S kg) only for
contactor 1nventories >10 kg, and then only for
contactor 1nventory uncertaintiaes >%0%

Similar analyses assumed uncertainties 1in
contactor inventory of 25% rather than 10% In
the high-throughput case, uncertainties still
are throughput dominated. [n the low—throughrput
case, contactor i1nventory uncertainty can become
significant (>0 % kg) for the case of low tank
inventory when contactor inventory exceeds ~5
kg .

The study indicates that for many cases.
the uncertainty 1n plutonium content of solvent
extraction contactors is small compared to un—
certainties in measured transfers and = asurable
inventory. It is suggested that in those cases.
contactor inventory can dbe inferred from opera-
tors' data and need not be verified by measure-
ment during process operation

This type of approach can be vsed to assess
the significance of contactor inv ntory uncer-
tainty to overall system measuremet uncertain—
ttes for any facility design. If the contribu-
tion from contactor inventory uncertain*y s
small relative to thrioughput and measured tank
inventory, the need for indapendent i1nspector
verification of these measurements becomes ques-
tionable. From verification of plant design,
the inspector may be able to assume declerod
flow-sheet values for contactor inventory., pro-
vided that the operator cannot divert within
the inventory uncertainties Application of
this approach will be fazility specific for any
design, and the facility should be modelad be-
fore conclusions can be drawn on 1ls applicabil-
ilv

&._vYerification of Concentrators

The plutonium from the final plutonium pur-
1fication cycle qgemerally 18 concentrated to
2%0-3% g/L for storage or hipment to a pluto-
ntym onide conversion facility The concentrae -
tor can be operated in batch mode or continu-
ously For batch operation, MBs can be drawn
when the evaporator is empty. as has been sug-
qested in studies of NRTA for the Tokaei facil-
ity 4% In this case., independent verifice-
tion of the concentrator contents iy not neces-
1ary except to verify by attributes messturaments
that the concentrator (s empty This can be
accomplished with, for example. a simple neutron
detector

For contintous operation, the problem 19
more complicated fFor a plant such as wackers
dorf in which the concentrator inventory s
imall relative to the inventory in the remainder
of the facility, we propose acceptance of oper
ator-declared inventory for stesady-itate opera
tion because uncertainties in the overall ™8
equation wou!d be dominated by uncertainties in
the throughput and in tank itnventories There
fore., varification considerations would be as
proposed for . ontactors \f the inspector
sure thet the operator cannot divert within the
neaturement uncertaintien



Alternatively, 1f continuous evaporator
operation 13 used and 1t is necessary to measure
evaporator concentration, an app oach like that
at Qounreay could be used. A .ecycle-loop 1s
installed on the evaporator with a gamma-ray
absorptiomete. on the loop. The absorptiometaer
triggers withdrawal of concentrate when a
350—g/L concentration 1s cdetected Control of
nitrate product to £5-10 g/L (1.4% to 2 8%)
19 claimed By participating in the various
aspects of the measurement control program for
the absorptiometer. the inspector should be able
to verify concentrator concentration.

7. Susmary and Conclusi.ns

Near-real-time accounting i3 under consid-
eration as a technique for improving the time-
liness of accounting in reprocessing plants
For verification of a NRTA system. the inspector
should be able to verify transfers into and out
of the process and i1n—process inventory during
a 30—day accounting period

For transfers, we consider the significant
verificatior problem to be at the 1nput accounti-
ability tank and the product output For high-
throughput facilities., these measurements will
dominate 1N-process .nventory measurements 1n
terms of contribution to overall measur..nent
uncertainties The most precise verification
of the i1nput accountability tank will consist
of shipping samples to an I[AEA laboratory for
1sutope-dilution mass spectrometric analysis
More timely analyses can he performed un site
usinn quadrupole mass spectrometry, a-ray ab-
sorption-edge densitometry., and s-ray fluorer-
cence. or Qgamma-ray spectrometry High—preci-
s10n yeritication of plutonium sroducts can be
per formed hy shipping samples to an I €A labora-
tory for (hemical analysis Timeliness can be
imprved by x-ray arsorptiuvn-edge densitomeotry
r 3amma-ray densitometry on site

Process tank i1nventory can be verified by
4 . mbination of volume measurement (using Jip-
tubbes and 1nspector-owned electromanometers)
#nd concentration measurements, either inferred
rrom density probes (measured ir-line by x-ray
Absurption-edge dJensitometry) or in-line con-
certration measurements urJder operator control
byt with |nepector participation |n measurement
cuntrol programs

j0lvent entraction contactor inventory
tould de mnreasured by dip-tubes In most cases,
1t may ba adequate to ettimate i1nventury from
process cperating deta because the contribution
of inventory uncertainty mey be tneignif . ant
to averall measurement uncertainty over a J10-day
Accounting period

Conrentrator 1nventory may be esticated
f-om process operating datu meaiured by qamma-
oy danyitometry. or  for batch-opersted - rnoen-
tratury  determined enalytically when the cunm-
centrator 1y emgptied

wWe do not attempt to recommend the optimum
varification technigquaes for a4  reprocessing
plant This wili depend to e large deqree un
raceoss design operating considerations. ne
tional lews. and nspector needs and - apabil
1tiee
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